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ABSTRACT 
State law prpvides for the initiation of a 1000-ton fishery for Paci- 
fic sardines, Sardinops sagax, when the spawning biomass of sardines 
reaches 20 000 short tons. 
Data from ichthyoplankton surveys, an aerial spotter index, sea sur- 
vey cruises, the mackerel fishery, and the live bait fishery are 
discussed as indicators of the relative abundance of sardines compared 
to previous years. It appears the spawning biomass of the northern 
subpopulation of Pacific sardine remains below 20 000 tons. A proposed 
survey plan is described for determining the relative magnitude of the 
sardine spawning biomass on an annual basis. Legislation is discussed 
which was passed in 1984 and pertains to the sardine resource. 
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RECOMMENDATIONS 
As of January, 1985, the spawning biomass of the northern subpopulation 
of Pacific sardines, Sardinops sagax caeruleus, is considered to be below the 
20 000 short tons required by law before a harvest may be initiated. The 
Department recommends that restrictions concerning incidental catch and use of 
sardines remain in force and that no fishing be initiated in 1985. 
INTRODUCTION 
This is the 11th in a series of reports concerning the status of the sar- 
dine spawning biomass. It is similar to previous reports in that no attempt is 
made to estimate the spawning biomass of Pacific sardines. Rather, several 
independent sources of information concerning the relative abundance of sardines 
compared to previous years are examined. In addition, a proposed survey plan is 
described which will allow an objective determination of the relative magnitude 
of the sardine spawning biomass on an annual basis. Legislation is discussed 
which was passed in 1984 and pertains to the sardine resource. 
It is important to note that the population level (20 000 short tons), 
which is required before a directed harvest may be initiated, is based on the 
spawning biomass. This includes only the mature and spawning (adult) portion of 
the population. At low population levels, sardines appear to mature and spawn 
at 2 yr of age. However, when population levels are high, only a portion of 
2-yr-old sardines are mature (MacCall 1979). 
ICHTEJYOPLAXKTOM SIJRVEYS 
Klingbei l  (1982) repor ted  a moderate i nc rease  i n  t h e  number and geographic 
range of p o s i t i v e  s t a t i o n s  f o r  s a r d l n e  eggs and l a r v a e  dur ing  t h e  1981 Ca l i fo r -  
n i a  Cooperative Oceanic F i s h e r i e s  Inves t iga r ions  (CalCOFI) Survey. K l ingbe i l  
(1983) a l s o  suggested t h a t  good s w v i v a l  f r o z  the  1981 spawn could r e s u l t  i n  
increased recruitment.  i n t o  t h e  spav::~l.ng bioxass  dur ing  1983-84. Data from t h e  
1984 CalCOFI survey ,  from January through July ,  showed p o s i t i v e  s t a t i o n s  f o r  
both sa rd ine  eggs and l a r v a e  i n  u e a r ~ h o r e  a r e a s  in t h e  Southern C a l i f o r n i a  Bight 
(Figure la and b). Data from nore  recent  months a r e  no t  y e t  a v a i l a b l e .  The 
t o t a l  number of eggs and l a r v a e  occu r r ing  i n  survey s t a t i o n s  and t h e  geographic 
range of p o s i t i v e  s t a t i o n s  increased  s l i g h t l y  i n  1984, as compared t o  1981, 
p a r t i c u l a r l y  f o r  l a r v a e  (Figure 2a and b). 
Recent CalCOFI survey da t a  mRy be c o r r e l a t e d  wi th  h i s t o r i c a l  biomass e s t i -  
mates by comparing t r ends  i n  abundance of eggs and l a r v a e  w i t h  t r e n d s  i n  biomass 
2 l e v e l s .  The mean nwxber of eggs and l a r v a e  p e r  10 m from t h e  peak p a i r  of 
months f o r  each year  from 1954 t o  1964 ,  and from each CalCOFI survey yea r  1966 
through 1984 (Figure 3) r e v e a l  t h a t  l e v e l s  observed i n  1983 and 1984 a r e  s i m i l a r  
t o  l e v e l s  of occurrence of eggs an6 l a r v a e  from 1959 t o  1963, when biomass 
l e v e l s  were es t imated  above, but  r e l a t i v e l y  nea r ,  20 000 tons  (F igure  4) .  
AERIAL SPOTTER INDEX 
Since 1962, commercial a e r i a l  f i s h  s p o t t e r  p i l o t s  have submit ted f l i g h t  
logs  on which they i n d i c a t e  t h e  a r e a s  searched and e s t i m a t e  t he  abundance of 
pe l ag ic  f i s h  spec i e s  observed. Using these  obse rva t ions ,  Squi re  (1972) de- 




F igure  3, Month ly  mean number  o f  eggs  C-3 and  l a r v a e  (-1 p e r  10m summed f o r  
p e a k  p a i r s  o f  months  f o r  e a c h  y e a r ,  1 9 5 4  - 1964 ,  and  f o r  eve ry  t h i r d  
. , 
yea r  f r om  1 8 6 6  - 1 9 8 4  ove r  CalCOFt r eg ions  7 and  8. (From CalCOFl  
s u r v e y  d a t a  , P. Smith, NMFS, pers .  comm.). 
o f  20,000 t o n s  
F igu re  4. H l s t o r l c a l  b l omass  e s t i m a t e s  f o r  P a c i f i c  sa rd i ne  a f t e r  M a c C a l l  ( 1 9 7 0 )  
a n d  Murphy  (1968).  
sa rd ines ,  from 1952 through 1969. The index was based on t h e  tons  of f i s h  
observed. and t h c  amount of seat:& e f f o r t  oxpcndad dur ing  t h e  year .  A l a t e r  
review (Squi re ,  1.983) updated t h e  index through 1978. Recent ly,  t h i s  ana lys is  
was redone us ing  a computer, which t r d z  ce . r t~ l r : .  assumptions unnecessary and 
r e su l t ed  in changes i.n prev ious ly  ~GS~! .G!J !?~ :  Lndei; values .  The a e r i a l  s p o t t e r  
index i s  p re sen t ly  being r ev i sed  t o  correc t  .for p t e n t i a l  b i a s e s  t h a t  were not  
previous1.y cons idered ,  silch a s  ind%vl.dr:~I.  spotting power. However, - t h e  b d e x  
has been shown t o  c l o s e l y  fo l low estimates aE t o t a l  abundance f o r  P a c i f i c  
mackerel, f o r  which biamass estimate..r~ i w r e  availabJ-e (Squ i r e ,  1972). Most 
recent  va lues  for- the  s a rd ine  ni;;kc index show a decl.ine from 0.75 i n  1964 t o  
0.0 i n  1472, w i th  no s i g n i f i c a n t  sc!?i?ols of su.rd?.ncs observed through 1981. The 
index increased  t o  0.04 and 0.03 i n  !982 a i d  I !.,C::., respec.hi.ve%:i., but  dec l ined  t o  
0.0 i n  1984. However, tile dec l i ; x  5 3  1931: r;.ci-ght Be due in ?ert t o  a low nuxber 
of f 1i.ghts logged dur ing  the  gear  ( A ,  3facCa.11, SWC, pe r s  . comn. ) . 
SEA SURVEY 
Each y e a  t h e  Department condcc!x riidvarei. trawl. surveys dur ing  September 
and October t o  a s s e s s  anchovy recru i tment  and i n c i d e n t a l l y  determine t h e  d i s -  
t r i b u t i o n  of o t h e r  pe l ag ic  species, i n c l c d i n g  P o c i f i c  s a r d i n e s .  Surveys a r e  
a l s o  conducted i n  November and kceojber  t o  a s s e s s  recrui t rcent  of P a c i f i c  and 
jack mackerel and. t o  i n c i d e n t a l l y  determine d i s t r i b u t i o n  and age composition of 
northern anchovies and P a c i f i c  s a rd ines .  These surveys  are  conducted i n  near- 
shore waters  ( c o a s t a l  and i s l a n d  l o c a t i o n s  over depths  l e s s  than  50 f n )  and 
of fshore  waters  (over depths g r e a t e r  than  50 fm) o f f  bo th  C a l i f o r n i a  and North- 
e r n  Baja, ~ l e x i c o .  The percent  of occurrence of s a r d i n e s  by t r a w l  f o r  each of 
four survey ca tegor ies  (nearshore Ca l i fo rn ia ,  of fshore  Ca l i fo rn ia ,  nearshore 
Mexico, and offshore  Mexico) may be used t o  ga in  i n s i g h t  i n t o  the  r e l a t i v e  
a v a i l a b i l i t y  of sardines  from 1981 through 1984. 
During 1981, no sardines  were captured during the  September-October t rawl  
survey. In  nearshore waters off Ca l i fo rn ia ,  sard ines  occurred i n  8% of 69 
trawls i n  1982, 34% of 64 t rawls  i n  1983, and 70% of 45 t rawls  i n  1984. In 
Cal i fornia  offshore waters ,  sard ines  were taken i n  9% of 83 t rawls  i n  1982, none 
of 13 t rawls  i n  1383, and 50% of 4 t rawls  i n  1984. No t rawls  were made i n  near- 
shore waters off northern Baja i n  1982, but sardines  occurred i n  28% of 53 
trawls i n  1983, and 44% of 47 trawls i n  1984 i n  t h a t  a rea .  Offshore t rawls  of f  
Baja were conducted only i n  1983, and no sardines  were captured. 
During November-December surveys, t rawls  have been made only i n  Ca l i fo rn ia  
waters s ince  1981. In 1981, no sardines  occurred i n  of fshore  tows, but  a t rawl 
near Catal ina Island y ie lded the  f i r s t  sard ines  caught by these  surveys i n  many 
years. No surveys were conducted during November-December of 1982. In  1983, 
sardines  occurred i n  11% of 45 nearshore s t a t i o n s  and 6% of 48 o f f shore  s t a -  
t ions .  In 1984, sardines  occurred i n  24% of 68 nearshore t rawls  and 5% of 43 
offshore trawls.  
Sardines captured during t h e  September 1984 survey ranged i n  s i z e  from 40 
t o  230 mm SL. Preliminary o t o l i t h  aging showed two s i z e  modes of sardines  aged 
a s  1984-yr-class f i s h ;  t h e  smaller  ranged between 40 and 85 mm SL, and the  
larger mode between 100 and 145 mm SL. However, the  l a r g e r  mode may represent  
f i s h  spawned i n  the  f a l l  of 1983 t h a t  have not produced a t y p i c a l  f i r s t  annulus. 
The bulk of the  ca tch  of l a r g e r  f i s h ,  ranging between 150 and 230 mm SL, were 
aged a s  1983-yr-class fk sh ,  wi th  1Y$2-- a d  !.:?el-yr-class f i s h  p re sen t  i n  smal le r  
numbers. Length f requencies  from che November-December c r u i s e  ranged from 50 t o  
220 mm SL, w i th  two s i z e  gtoupr; [:;-r:ecnt. Tt:c s z a l l e r  mode (90 mm SL) was com- 
pr i sed  e n t i r e l y  of 1984-yr-c1a.s~ r '?s!i ,  A i i . : ?  t h e  l a r g e r  mode (145 t o  220 m a  SL) 
was composed. mainly of 1.383-yr--~L~.ss e5.c'. o l d - r  f i s h .  
During t h e  p a s t  3 yr, freque:xj.c= I ~ E  occurrence of s a r d i n e s  have inc reased ,  
p a r t i c u l a r l y  i n  nearshore watew u 2 f  C a . l i f o r n i : ~ ,  Once an absen t  o r  r a r e  occur- 
rence,  s a rd ines  have become the  sx..conc! most. r ' r rquent ly taken s p e c i e s  i n  
S2pternber-October midwater t r a x . 1 ~ .  k!.:,wvrsr, it. should be noted t h a t  t h ~  major- 
i t y  of s a rd ines  taken were j u v e c i l t s -  P!c.~t of t h e  1983-yr-class s a r d i n e s  are 
expected t o  f i r s t  become na tu re  d . , ~ ~ . . r . g  t h ?  ?.ate s p r i n g  of 1985. 
pNci;Eig;L - 3 - j - C ~ ' l , ' ~ ' v  
j. & ~ * ~ I A . \ L  
During 1984, an estfmaced 214 tons  ni: sardines were 1-anded i n c i d e n t a l l y  
wtth Facif i c  and jack ~zckcrel ('l'a3le I ) ,  'il11i.s r ep re sen t s  a cons ide rab le  de- 
c rease  from t h e  recent  high of 333 t w s  of s:~rdtne.s i n  1983 and r eve r se s  a t rend  
of i nc reas ing  occurrences s3.ncc !9?Y i nc ic?ea ta l ly  caught s a r d i n e s  i n  the 
mackerel f i s h e r y  (Figure 5). Ae i a  1957 ,  nxcti ines were observed by Departxent 
personnel. i n  mackerel landings  3ur i .q ;  s3.1.  onti ti is of 1984, zcd t h e  propor t ion  of 
observed landings  which conteincd s e r d i n e s  remzined a t  about 30%. Landings of 
1 G  tons o r  more occurred i n  8 mo of th? y e a r ,  compared t o  9 mo i n  1983. How- 
eve r ,  s i n c e  June, landtngs  i n  southerrt. C a l i f o r n i a  have been low, w i th  an average 
of l e s s  than  2 tons  of s a r d i n e s  lmded. per  month. Monterey l and ings ,  which 
t o t a l e d  4 t ons  from January thrvugh August, increased  by 60 tons  du r ing  Scptem- 
ber ,  October and November. Several  unve r i f i ed  r e p o r t s  were rece ived  of schools  
of sardines  i n  the  Monterey Bay a r e a  during t h e  f a l l .  Length frequencies of 
sardines  sampled i n  the  mackerel f i s h e r y  during 1984 were s i m i l a r  t o  those from 
1983, with s i z e s  ranging from 150 t o  240 m SL. Preliminary aging r e s u l t s  indi-  
c a t e  the  majori ty of f i s h  between 180 and 240 a r e  2 y r  o ld  and o l d e r ,  although 
some 1982-yr-class f i s h  were as  small as  150 mm SL, and some 1983-yr-class f i s h  
were a s  l a rge  a s  180 mm SL. 
LIVE BAIT FISHERY 
Information from the  l i v e  b a i t  monitoring program has been used a s  a r e l a -  
t i v e  indica t ion  of abundance of sardines  s ince  1975. Beginning i n  1977, the  
Department has requested voluntary logs from l i v e  b a i t  fishermen on which they 
ind ica te  the  frequency of occurrence by day of " f i recracker"  ( 2  t o  5 i n .  TL) 
sardines  i n  b a i t  catches.  This percent occurrence by day may be used a s  an 
ind ica t ion  of the  r e l a t i v e  abundance of small  sardines  i n  the  nearshore a reas  
where l i v e  b a i t  fishermen genera l ly  operate.  
In  1984, the  occurrence by day of sardines  i n  l i v e  b a i t  increased s l i g h t l y  
i n  San Diego and Long Beach, compared t o  1983. The San Diego b a i t  hauler  logged 
sardines  on 22% of the  days f i shed i n  1984, with sardines  comprising near ly  5% 
of the  t o t a l  ca tch  during February, Apri l  and May. Previously,  l i v e  b a i t  
catches i n  San Diego contained sardines  on 20%, 48%, and 35% i n  1983, 1982 and 
1981, respect ive ly .  In  Long Beach, sardines  were reported on 18% of the  days 
f i shed i n  1984, compared t o  13% i n  1983, and t r a c e  amounts i n  previous years. 
In Oceanside, Dana Point ,  and Oxnard, occurrences by day of sardines in 
l i v e  b a i t  logs decl ined s l i g h t l y  from l e v e l s  recorded i n  1983. The Oceanside 
and Dana Point fishermen thus f a r  logged sa rd ines  i n  28% and 8% of the  days 
TABLE 1. Estimated Species Composition by Weight (Short Tons) of Landings in the California Mackerml Plrhmry, 19841 I 
Proportion of tonnage 
Total tonnage sampled for Estimated landingm - 2/ ' 
Month landed species cornnosition Ll Jack mackerel Pacific mackerel Pacif- . 
January 4,578.9 0.55 1,645.8 21876rl 87.0 
February 3,705.9 0.82 207.6 3,478.9 19.4 
Piirch 1,351.9 0.61 728.8 607.6 15 5 
A ~ r i l  5,475.5 0.57 1,868.0 3,584.3 23,2 
Play 5,622.6 0.67 . 1,943.0 3,656.6 23.0 
June * 5,644.0 0.56 1,801.2 3,834.3 8.5 
July 2,776.2 0.11 1,180.3 1,595.9 Trace 
Auqust 7,316.4 0.62 808.4 6,506.8 1.2 
September ?I 7,595.8 0.71 919.8 6,658.5 17.5 
~ctnser 31 6,286.1 0.80 275.8 5,983.1 27.2 
Iis.rez;.jcrr 31 5,513.9 0.88 194.4 5,298.0 21.5 
ii~czcber 31 1,410.6 0.90 49.6 1,361.0 Trace k 
I 
3 / TOTALS - 57,277.8 0.66 11,622.7 45,441.1 214.0 
i/ m.e majority of samplinq consisted of bucket subsamples (weights and numbers of fishes measured m d  counted) taken 
- 
during the offloading process. A portion of the sampling included only visual estimated of rpecies composition 
by weight. 
2 /  Estimated landings result from applying simple monthly proportions af the species composition of oampled landings 
- 
to the total tonnage landed. 
3 /  Preliminary. 
- 
4 /  Includes landings at Terminal Island, San Pedro, Port Nueneme, Monterey, and Moss Landinq. 
- 
year 
Figure 5 .  Annual landings o f  sard ines  caught  incidentally with mackerel 
f r o m  1970 - 1984. 
fished t h i s  year ,  which is down from 32% and 17% i n  1983, respect ive ly .  
However, f o r  the  f i r s t  t i m e  i n  t h e  7-yr r epor t ing  period,  s u b s t a n t i a l  numbers of 
f i r e c r a c k e r  sardines  were recorded as f a r  nor th  a s  Long Beach. Sardines were 
recorded i n  7 of t h e  10 w, f o r  which logs  a r e  ava i l ab le ,  compared t o  5 of 12 mo 
i n  1983 f o r  t h a t  port .  No 1984 logs were ava i l ab le  f o r  Newport Beach, Redondo 
Beach or Port Hueneme. 
In  September of 1984, l i v e  b a i t  logs were revised t o  a l low fishermen t o  
specify a q u a n t i t a t i v e  es t imate  (number of scoops) of sa rd ines  landed i n  l i v e  
ba i t .  Some l i v e  b a i t  fishermen had a l ready been repor t ing  sa rd ines  i n  est imated 
number of scoops landed p r i o r  t o  t h i s  revis ion .  A t o t a l  of the  number of scoops 
of sardines  recorded on l i v e  b a i t  logs  received during 1984 (es t imat ing  160 
scoops per ton) gives a minimum es t imate  of 64 tons of sa rd ines  landed i n  t h e  
l i v e  b a i t  f i s h e r y  f o r  the  year  (Table 2). 
Beginning i n  January, 1984, Department observers have been r i d i n g  Comer- 
c i a 1  Passenger Fisking Vessels (CPFV's) a s  p a r t  of a spor t f l sh  monitoring 
program. These observers a l s o  es t imate  the  species  composition of the  l i v e  b a i t  
used on these  vesse ls .  Sardines of a l l  s i z e s  a r e  included i n  the  es t imates .  
Observers r i d e  on approximately 5% of the  t r i p s  i n  southern Cal i fornia .  Since 
sardines  a r e  usual ly  separated from anchovies, t h e  number of scoops may be 
counted a s  the  b a i t  is loaded aboard. The majori ty of sa rd ines  observed were 6 
t o  8 i n .  TL (Ken Miller pers. comm.). These l a r g e r  sa rd ines  have been recorded 
from San Diego to  Oxnard, but were pr imar i l y  observed at  the  Newport and long 
Beach/San Pedro b a i t  markets. Based on CPFV observat ions ,  an est imated 227 tons 
of sa rd ines  were used a s  l i v e  b a i t  by CPFV's during 1984 (Table 2). 
Both of these es t imates  of tone of sardines  used i n  the  l i v e  b a i t  f i s h e r y  
a r e  specula t ive .  Voluntary logs  from the  l i v e  b a i t  fishermen a r e  sometimes 
submitted sporadica l ly ,  a r e  not always complete, and only information on f i s h  
smaller than 5 i n .  is requested. Although considerably higher than es t imates  
from logs ,  es t imates  from CPFV observers may be low, s ince  observers do not 
sample all-day o r  multi-day t r i p s ,  on which sardines  ( a s  l a r g e r  b a i t  f i s h )  com- 
p r i s e  a l a rge r  por t ion  of the  b a i t  than on half-day t r i p s .  
LEGISLATION 
Assembly B i l l  3404, passed on September 4, 1984, extends the  da tes  of the  
sunset  c lauses  t o  July 1, 1986 (an add i t iona l  year)  f o r  s t a t u t e s  t h a t  r egu la te  
the  incidental .  catch of sardines  mixed with o the r  f i s h  and the  allowabl-e uses of 
incidental ly-taken sardines .  This b i l l  r equ i res  the  Department t o  r epor t  t o  the  
Legislature by January 1, 1986 on the  e f f e c t s  of the  r egu la t ions  t h a t  determine 
allowable uses of incidentally-caught sardines .  
I n  add i t ion ,  t h i s  l e g i s l a t i o n  allows 75 tons of sardines  t o  be taken per 
year f o r  l i v e  b a i t .  A revocable permit i s  required and logbooks must be sub- 
mitted. These provisions augment and continue s t a t u t e s  t h a t  a r e  designed t o  
reduce the  impacts of a resurgence of sa rd ines  on fishermen and d e a l e r s ,  while 
continuing t o  r e s t r i c t  the  take of sardines  and provide p ro tec t ion  f o r  t h e  
resource. 
PROPOSED SARDINE SURVEY FOR 1985 
H i s t o r i c a l  biomass es t imates  f o r  sardines  were based on ca tch  and age 
composition d a t a  using cohort ana lys i s  (Murphy 1966; MacCall 1979). Since the  
TABLE 2. Estimated 1984 Landings of Sardines in Live Bait. 
Estimated landings Estimated landings from 
Month from CPFV observers live bait fishermen 's logs 
11 - 21 - 31 21 
scoops tons- scoops tons- 
January Trace Trace 
February 4 25 2.7 1385 8.7 
March 751 4.7 0 
April 3409 21.3 1708 10.7 
May 1009 6.3 30 0.2 
June 1496 9.4 625 3.9 
July 716 4. 5 0 
August 18 937 118.4 179 1.1 
September 9607 60.0 6240 39.0 
11 Proportion of landings that were observed to be sardines by CPFV 
- 
observers within a specific bait supply area is applied to total tons 
landed by the local bait hauler. 
21 Short tons derived from dividingnumber of scoops by 160 scoops per ton 
- 
of sardines. 
31 Number of scoops of sardines landed as recorded on logs by live bait 
- 
fishermen. 
41 Logs from October-December 1984 were not available. 
- 
moratorium on fishing sardines was established in 1973, no such data has been 
available. The egg production method was developed by Parker (1980) and has 
been used to estimate spawning biomass of anchovies off California (Stauffer 
and Picquelle 1980), and anchovies and sardines off Peru (Santander, -- et al.
1982). However, this method and others currently used to estimate the biomass 
of pelagic species are not considered reliable when biomass levels are below 
100 000 tons.(MacCall 1984a). 
Following participation in a Biomass Estimate Workshop (MacCall 1984b), 
biologists from the National Marine Fisheries Service and the Department de- 
veloped an "inverse egg production method" to determine the relative magnitude 
of the Pacific sardine spawning biomass, i.e., whether the spawning biomass is 
more or less than 20 000 tons (Wolf and Smith manuscript). The egg production 
method estimates spawning biomass as the quotient of the daily production of 
eggs in the spawning area and the daily fecundity of the population per ton of 
spawner (Parker 1980). The inverse method estimates the area over which the 
spawning products of a specified adult biomass could be expected to occur, given 
certain conditions of average female weight, batch fecundity, spawning fraction 
and daily egg production rate. In the egg production method, these parameters 
are measured concurrently with the egg survey. For the purposes of designing a 
preliminary survey for sardines, these parameters were estimated from previous 
studies. Setting the biomass at 20 000 tons, the spawning area over which that 
biomass would spawn was estimated. 
Historical CalCOFI survey data from 1954 though 1960 were used to determine 
the location and time of year to conduct a survey for sardine spawning products. 
The proposed plan is a CalVET (vertical egg tow) survey covering the Southern 
California Bight during May or June (Figure 6). The survey would consist of 374 
stations, a sampling intensity that provides a 95% probability of encountering 
the calculated spawning area within the survey area if the minimum 20 000 tons 
of spawning biomass exists, ----.-. 
This survey is presently scheduled to be conducted in May, 1985, If re- 
sults of the survey show a spawning area ranging between 700 and 2300 square 
nautical miles (based on positive stations), the spawning biomass of sardines 
will be considered to be at least 20 000 tons. Positive stations over a smaller 
area would indicate the spawning biomass .is less than 20 000 tons. 
DISCUSSIOK AND CONCLUSIONS 
While most sources of informatfon pertaining to the relative abundance of 
Pacific sardines continued to indicate a moderate increase in the biomass, some 
showed a slight decline from last year, indicating a slowing of the trend of 
increasing occurrences of sardines through 1983. Ichthyoplankton surveys con- 
ducted in 1984 resulted in occurrences of sardine eggs and larvae that were 
slightly higher than, but comparable to 1981 survey results. However, 1984 
occurrences of eggs and larvae compared to historical surveys conducted during 
periods of estimated biomass suggest that the spawning biomass is approaching 
20 000 short tons. Both the aerial spotter index and the incidental catch of 
sardines in the mackerel fishery showed a decline in 1984 from levels of rela- 
tive abundance observed in 1983. Although difficult to assess, the recent 
El Nino may have brought southern fish north, contributing to greater occur- 
rences of sardines in the mackerel fishery during 1983. 
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Figure 6. Proposed  minimum probab i l i ty  survey for  s a r d i n e s ,  May 1086. 
A moderate increase  i n  the  percent occurrence by day of sa rd ines  i n  l i v e  
b a i t  was observed i n  two por t s ,  although a s l i g h t  decl ine  was  recorded i n  o the r  
locat ions  during 1984. The recen t ly  i n i t i a t e d  CPFV observer program suggests  
t h a t  s u b s t a n t i a l  landings of sardines  occur i n  the  l i v e  b a i t  f i s h e r y ;  however, 
t h i s  occurrence appears t o  be highly corre la ted  with b a i t  preference of the  CPFV 
market, r a the r  than with abundance o r  a v a i l a b i l i t y  of sardines  (Ken Miller, CF&G 
pers. comm.). 
The 1981 y r  class of sardines probably was f u l l y  rec ru i t ed  t o  t h e  spawning 
biomass t h i s  year ,  but apparently d id  not increase  the  spawning over 20 000 
tons. The 1982 y r  c l a s s  appeared i n  r e l a t i v e l y  low numbers i n  1984. The 
1983-yr-class f i s h  seen t h i s  year and l a s t  presumably w i l l  mature and thereby 
r e c r u i t  t o  the  spawning biomass during 1985. Substant ia l  numbers of 1984yr -  
c l ass  f i s h  were seen i n  sea  survey c r u i s e s ,  but these  f i s h  w i l l  not  reach 2 y r  
of age and become mature u n t i l  1986. 
It appears probable t h a t  the spawning biomass w i l l  reach 20 000 tons during 
1985; however, the  spawning biomass does not appear t o  have reached 20 000 tons 
a t  t h i s  time (January, 1985). In comparison t o  the  i n d i r e c t  assessment methods 
used f o r  the  past  decade, the  sardine survey planned f o r  May of 1985 should 
provide an object ive ,  quan t i t a t ive  assessment of whether the  spawning biomass of 
the  sardine  population off  Cal i fornia  i s  above o r  below 20 000 tons.  Analysis 
of survey data  should be completed no l a t e r  than August, 1985. This new survey 
would not be possible without a major commitment on behalf of the National 
Marine Fisher ies  Service,  Southwest Center, La J o l l a .  
While s i g n s  of an increased  biomass of s a r d i n e s  a r e  e v i d e n t ,  a f u l l  
recovery of t h e  P a c i f i c  s a r d i n e  populat ion w i l l  r e q u i r e  t h a t  t h e  moratorium, 
to l e rance  l e v e l s  f o r  i n c i d e n t a l  ca t ches ,  and some market ing r e s t r i c t i o n s  remain 
i n  e f f e c t  while  biomass l e v e l s  a r e  low. 
It is  recommended t h a t  a minimum p r o b a b i l i t y  survey based on an  inve r se  egg 
product ion method be conducted annual ly ,  u n t i l  t h e  spawning biomass is de t e r -  
mined t o  be above 20 000 s h o r t  t o n s ,  and t h a t  t h e  Department begin t h e  budgetary 
planning necessary t:o f i nance  a much l a r g e r  p o r t i o n  of survey c o s t s .  
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